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Description 

This invention relates to a nickel-hydrogen secondary battery and a method tor manufacturing th e nickel-hydrogen 
secondary battery, and in particular to a nickel-hydrogen secondary battery and a method for manufacturing the nickel- 
hydrogen secondary battery wherein the structure of a separator interposed between a paste-type positive electrode 
and a paste-type negative electrode is improved. . 

There is conventionally known a nickel-hydrogen secondary battery having a structure wherein a group of elec- 
trodes comprising a paste-type posits electrode containing nickel hydroxkie and a polyme/ic binder such as, car- 
boxymethyl cellulose or polytetrafluoroethylene. a paste-type negative electrode containing a hydrogen-absorbing alloy 
and a polymeric bindersuch as. carboxymethyl cellulose or polytetrafluoroemylene and a separator .nterposed between 
these electrodes is accommodated in a case together with alkafi electrolyte. This nickel-hydrogen secondary battery 
is interchangeable, in terms of voltage, with a nickelcadmium secondary battery comprising a .negative electrode con- 
taining a cadmium compound in place of the above-mentioned hydrogen«bsorbing alloy and is excellent in perform- 
ance as it has a higher capacity as compared with the nickel-cadmium secondary battery. 

However, since the structure of the nickel-hydrogen secondary battery is basically the same as that of the nickel- 
cadmium secondary battery, the storage of the nickel-hydrogen secondary battery in its charged state under a high 
temperature condition will raise a problem of selMischarge as in the case of nickel-cadmium secondary battery. 

This self-discharge during a high temperature storage of the nickel-cadmium secondary battery is considered to 
be caused by two factors, i.e. (a) a reducing reaction of nickel oxyhydroxide (NiOOH) which is a product resulting from 
the charging at the positive electrode due to the generation of impurities (for example, nitrate ion. nitrite ion or ammoma) 
in an oxidative destruction of the separator; (b) the selMecomposition reaction of NiOOH. Since the seN^composrtion 
reaction of NiOOH (b) is not so active as compared with the above-mentioned reducing react.on of N.OOH. the mam 
cause of self-discharge reaction during a high temperature storage of the nickel-hydrogen secondary battery is con- 
sidered to be the reducing reaction of NiOOH (a) rather than the reaction of NiOOH (b). 

This oxidative destruction of the separator becomes more prominent when a nonwoven fabric compris.ng a hy- 
drophilic polyamide fiber which is commonly employed in a nickel-cadmium secondary battery .s employed as the 
separator This is because an impurity such as nitrate ion to be generated by the oxidative decomposition of polyamide 
synthetic resin fibers causes the reducing of NiOOH of the positive electrode thereby promoting the sett-discharge 
reaction 

Due to this reason, a polyolefin fiber which is excellent in resistance to oxidation but inherently hydrophobic is 
proposed to be employed as the separator after denaturing the polyolefin fiber through a treatment into hydrophilic 
fiber Relevant prior art documents are for example EP-A-563 773, EP-A-450 449 and US-A-3,765,948. 

Meanwhile, in the nickel-hydrogen secondary battery, a hydrogen-absorbing alloy is employed as a negative elec- 
trode in contrast to the nickelcadmium secondary battery, whereby achieving a higher capacity as compared with the 
nickel-cadmium secondary battery. This hydrogen-absorbing alloy in the negative electrode is capable of absorbing 
and desorbing hydrogen gas depending on the ambient temperature and pressure. This reversible hydrogen gas- 
absorbing and desorbing property of the hydrogen-absorbing altoy is utilized in the nickel-hydrogen secondary battery 
in such a manner that the absorption and desorption of hydrogen gas is performed in a battery case through an elec- 
trochemical means in stead of utilizing temperature and pressure thereby realizing the production of a secondary 
battery having a higher capacity than that of the nickeKadmium secondary battery. The equilibrium pressure at a given 
temperature and the hydrogen absorption capacity in the hydrogen^bsorbing alloy is determined by the composition 
of the hydrogen-absorbing alloy. Although the equilibrium pressure and the hydrogen absorption capacrty in the hy- 
drogen-absorbing alloy are variable more or less depending on the composition of the hydrogen.absorb.ng i alloy as 
mentioned above, there is a general trend that when the temperature is increased, the equilibrium pressure becomes 
proportionally higher and the hydrogen absorption capacity is decreased. Accordingly, when the hydrogen absorption 
capacity of the alloy is decreased, an excessive amount of hydrogen gas which can no more be sustained by the 
hydrogen-absorbing alloy is caused to be released into the interior of the battery case. 

In the nickel-hydrogen secondary battery provided with a negative electrode contain.ng a hydrogen-absorbmg 
alloy of such a nature as mentioned above, when it is stored in a high temperature, the equilibrium pressure thereof 
is increased so that the hydrogen absorption capacity of the alloy is decreased thereby causing the release of hydrogen 
gas to fill the interior of the battery case with the released hydrogen gas. This phenomenon would be impossible in the 
case of the nickelodmium secondary battery. Since the released hydrogen gas is kept within the battery case at a 
high concentration, a reaction of reducing nckel oxyhydroxide (NiOOH) constituting a positive electrode is caused. 
Therefore, in order to solve the problem of setMischarge during a high temperature storage in the nickel-hydrogen 
secondary battery, it is necessary to avoid the above-mentioned two factors, i.e. (a) a reaction of reducing nickel ox- 
yhydroxide (NiOOH) which is a product resulting from the charging at the positive electrode due tothe genera ion of 
impurities in an oxidase destruction of the separator, and (b) the self-decomposttion reaction of N.OOH. as well as to 
avoid an additional factor (c) a phenomenon that is impossible in the case of the nickelodmium secondary battery. 
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i.e. the reaction of reducing nickel oxyhydroxide (NiOOH) by hydrogen gas which would be inevitably released from 
the hydrogen -absorbing alloy during the storage of it in a high temperature. 

For solving these problems, some idea has to be taken in order to prevent the hydrogen gas to be inevitably 
generated from a negative electrode containing hydrogen absorbing alloy during the storage thereof at a high temper- 
ature from reaching the paste-type positive electrode. 

Additionally, since the nickel-hydrogen secondary battery is a secondary battery just like the nickelcadmium sec- 
ondary battery, oxygen gas is also caused to generate in the occasion of over-charging from the positive electrode 
according to the following chemical formula. 

i 

40H* -+ 0 2 + 2H 2 0 + 4e* (1) 

The oxygen gas thus generated is passed through a separator and consumed at the surface of the hydrogen- 
absorbing alloy according to the following chemical formulas (2) and (3). 

2MH + 1/20 2 -> 2M + H 2 0 (2) 

2M + 2H 2 0 + 2e* 2MH + 20H" (3) 

These oxygen-absorbing reactions (2) and (3) by the negative electrode are caused to occur at the boundary of 
three phases, i.e. the surface of the negative electrode, an electrolyte on the surface of the negative electrode and the 
oxygen gas. Accordingly, it is very important for controlling the increase in inner pressure of the battery to create a 
suitable three-phases boundary on the surface of the negative electrode. However, since the polymeric binder is highly 
water-absorptive in the case of a paste-type negative electrode containing the polymeric binder together with the hy- 
drogen-absorbing alloy, the creation of such a suitable three-phases boundary is very difficult. 

Accordingly, there has been proposed to manufacture the negative electrode by co-using a water-repellent material 
such as polytetrafluoroethylene as a binder, or by coating the surface of the negative electrode with a water-repellent 
solution such as a suspension of polytetrafluoroethylene. However, there are several problems in iormhg a water- 
repellent surface on the negative electrode by these measures. A first problem is an increase in inner pressure of the 
battery, since it is difficult to obtain a sufficient degree of water-repellency on the surface of the negative electrode by 
such measures as mentioned above. A second problem is a disadvantage in obtaining a nickel-hydrogen secondary 
battery of high capacity. Namely, if it is desired to realize a high capacity in a nickel-hydrogen secondary battery, the 
amount of an active material has to be increased in a paste-type positive electrode, and at the same time the capacity 
of a paste-type negative electrode containing a hydrogen-absorbing alloy has to be increased in proportion to the 
increase in capacity of the positive electrode in order to avoid any bad influence to the gas absorption in the occasion 
of over-charge and to cycle life. However, since the addition of a water-repellent material such as polytetrafluoroeth- 
ylene brings about in turn the corresponding reduction of the ratio of hydrogen-absorbing alloy in the negative electrode 
thereby sacrificing the increasing of capacity of the nickelhydrogen secondary battery. A third problem is the compli- 
cation of manufacturing process due to the provision of water-repellency. Accordingly, it is required for the nickel- 
hydrogen secondary battery to assure an excellent gas permeability of a separator and to create a sufficient degree 
of the three-phase boundary without deteriorating a high capacity of the battery. 

As explained above, in order to inhibit the self -discharge in the nickel-hydrogen secondary battery, some measures 
have to be taken in order to prevent the hydrogen gas to be inevitably generated from a negative electrode containing 
hydrogen absorbing alloy during the storage thereof at a high temperature from reaching the paste-type positive elec- 
trode. On the other hand, in order to inhibit the increase in inner pressure of the battery in the occasion of over-charging 
without causing the lowering of capacity, it is required for the nickel-hydrogen secondary battery to assure an excellent 
gas permeability of a separator and to create a uniform and sufficient degree of the three-phase boundary throughout 
the surface of the negative electrode. Since there are many conflicting problems between the inhibition of self-discharge 
during a high temperature storage of the secondary battery and the inhibition of increase in inner pressure in the 
occasion of over-charging, it has been very difficult to realize both of the inhibitions. 

Accordingly, the object of the present invention is to provide a nickel-hydrogen secondary battery of long life, having 
an improved self -discharging property at a high temperature storage and being capable of inhibiting an increase in 
inner pressure in the occasion of over-charging. 

Another object of this invention is to provide a method for manufacturing a nickel-hydrogen secondary battery 
having excellent properties as mentioned above. 
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Namely, according to the present invention, there is provided a nickel-hydrogen secondary battery comprising; 
a case, 

a paste-type positive electrode accommodated in the case and containing nickel hydroxide and a polymeric binder, 
s a paste-type negative electrode accommodated in the case and containing a hydrogen -absorbing alloy and a 

polymeric binder, 

a separator accommodated in the case in such a manner as to be interposed between the positive and negative 
electrodes, and 

an alkali electrolyte accommodated in the case; 
10 wherein the separator is formed of a sheet material containing polyolefin-based synthetic resin fibers and has a 

first surface being made hydrophilic and a second surface located opposite to the first surface, and having a 
hydrophilic portion and a hydrophobic portion as defined in claim 1 , separator being interposed between the positive 
and negative electrodes in such a manner that the second surface faces toward the negative electrode. 

J5 According to the present invention, there is further provided a method for manufacturing a nickel -hydrogen sec- 

ondary battery comprising a case, a paste-type positive electrode accommodated in the case and containing nickel 
hydroxide and a polymeric binder, a paste-type negative electrode accommodated in the case and containing a hy- 
drogen-absorbing alloy and a polymeric binder, a separator accommodated in the case in such a manner as to be 
interposed between the positive and negative electrodes, and an alkali electrolyte accommodated in the case; wherein 

20 the separator is formed by the steps of; 

embossing a first surface of a sheet material containing polyolefin-based synthetic resin fibers thereby forming an 
embossed film portion; dipping the sheet material into a solution containing a vinyl monomer having a hydrophilic 
group so as to attaching the solution to the first surface and a second surface located opposite to the first surface 
25 except the embossed film portion; and irradiating an energy beam onto the sheet material thereby graft-polymer- 

izing the vinyl monomer attached to the sheet material; 

the separator being interposed between the positive and negative electrodes in such a manner that the second 
surface is faced toward the negative electrode. 

30 This invention can be more fully understood from the following detailed description when taken in conjunction with 

the accompanying drawings, in which: 

FIG. 1 is a partially sectioned perspective view showing a nickel-hydrogen secondary battery according to one 
embodiment of the present invention; 
35 FIG. 2 is a plan view illustrating a manufacturing step of a separator according to the present invention; 

FIG, 3 is a sectional view of the separator sectioned along a line HI-HI in FIG. 2; 
FIG. 4 is an enlarged plan view of the separator shown in FIG. 2; 

FIG. 5 is a graph showing the relationship between the storage days and the residual capacity ratio of a nickel- 
hydrogen secondary battery in Examples 1 to 6 of the present invention and Comparative Examples 1 and 2; 
40 FIG. 6 is a sectional view of an apparatus for measuring an inner pressure of a nickel-hydrogen secondary battery 

in Examples 1 to 6 of the present invention and Comparative Example 1 ; and 

FIG. 7 is a graph showing the relationship between the ratio of cycle number and the ratio of discharge capacity 
of a nickel-hydrogen secondary battery in Examples 1 to 6 of the present invention and Comparative Example 1. 

45 This invention will be further explained with reference to a nickel-hydrogen secondary battery shown in FIG. 1 as 

follows. 

Referring to FIG. 1 , a closed-end cylindrical case 1 is accommodated therein with an electrode group 5 which has 
been manufactured by spirally winding a stacked body consisting of a paste-type positive electrode 2, a separator 3 
and a paste-type negative electrode 4. The paste-type negative electrode 4 is disposed at the outermost periphery of 

so the electrode group 5 so as to electrically contact with the cylindrical case 1. The cylindrical case 1 is also filled with 
an alkali electrolyte. A sealing plate 7 formed of a disk having an opening 6 at the center is disposed on the upper 
opening of the cylindrical case 1 . An insulating gasket 8 having a ring-like shape is interposed between the periphery 
of the sealing plate 7 and the upper inner wall surface of the opening of the cylindrical case 1 . The peripheral fringe 
portion of the opening of the cylindrical case 1 is caulked inward so that the first sealing plate 7 is hermetically fixed 

55 via the gasket 8 to cylindrical case 1 . A positive lead 9 is connected through its one end to the positive electrode 2 and 
through its other end to the lower surface of the sealing plate 7. A positive terminal 10 having a haHike shape is 
mounted over the sealing plate 7 in such a manner as to cover the opening 6. A rubber safety valve 11 is disposed in 
a space surrounded by the sealing plate 7 and the positive terminal 10 in such a manner as to seal the opening 6. A 



4 



EP 0 680 107 B1 



holding plate 12 formed of an insulating disk having an opening is disposed over the positive terminal 10 in such a 
manner that the projected portion of the positive terminal 10 is protruded out through the opening of the holding plate 
12. An envelope tube 13 is disposed to cover alt of the periphery of the holding plate 12. the side wall of the cylindrical 
case 1 and the periphery of the bottom of the cylindrical case 1 . 

Next, the details of the paste-type positive electrode 2, the separator 3, the paste-type negative electrode 4 and 
the electrolyte will be explained. 

(1 ) The paste-type positive electrode 2 

This paste-type positive electrode 2 can be manufactured by adding a conductive material to an active material, 
i.e. nickel hydroxide powder, and the resultant mixture is kneaded together with a polymeric binder and water to prepare 
a paste, which is then stuffed into a conductive substrate and, after being dried, molded into a predetermined shape. 

As for the conductive material, cobalt oxide or cobalt hydroxide can be used. 

Examples of polymeric binder are carboxymethyl cellulose, methyl cellulose, sodium polyacrylate and poly- 
tetrafluoroethylene. 

Examples of the conductive substrate are net-like, sponge-like, fibrous and felt-like porous body made of nickel, 
stainless steel or nickel metallizing metal. 

(2) The paste-type negative electrode 4 

This paste-type negative electrode 4 can be manufactured by adding a conductive material to a hydrogen -absorb- 
ing alloy powder, and the resultant mixture is kneaded together with a polymeric binder and water to prepare a paste, 
which is then stuffed into a conductive substrate and, after being dried, molded into a predetermined shape. 

As for the hydrogen-absorbing alloy, there is no specific limitation and any materials can be employed as far as it 
is capable of absorbing hydrogen gas generated electrochemically in an electrolyte and readily releasing the hydrogen 
gas thus absorbed at the time of discharge. Examples of the hydrogen-absorbing alloy are LaNiS, MmNiS, (Mm: misch 
metal), LmNiS, (Lm: lanthanum-rich misch metal), a mufti-element system wherein a portion of Ni of the above men- 
tioned compounds is substituted by an element such as Al, Mn, Co, 71, Cu, Zn. Zr, Or and B, or TiNi- or TiFe-based 
alloy. In particular, a hydrogen-absorbing alloy with composition represented formula LmN^MnyAz, wherein Lm repre- 
sents lanthanum-rich misch metal, A represents at least one element selected from Al and Co, x, y and z are number 
which meets the equation of 4.8 < x + y + z < 5.4, is preferred since the charge/discharge cycle life can be improved 
by discouraging grain size reduction which occurs as the charge/discharge cycle proceeds. 

As for the polymeric binder, the same materials as employed for the positive electrode 2 can be used. 

As for the conductive material, for example carbon black can be used. 

Examples of the conductive substrate are a two-dimensional substrate such as a punched metal, expanded metal, 
porous copper plate and a nickel net, and a three-dimensional substrate such as a felt-like metallic porous body and 
a sponge-like metallic substrate. 

(3) The separator 3 

The separator 3 is formed of a sheet material containing, potyolefm-based synthetic resin fibers and has a first 
surface being made hydrophilic and a second surface located opposite to the first surface, and having a hydrophilic 
portion and a hydrophobic portion. The separator 3 is interposed between the positive and negative electrodes 2, 4 in 
such a manner that the second surface is faced toward the negative electrode 4. 

Examples of polyolefin-based synthetic resin fibers are polyofefin single fibers, a core^sheath type composite fiber 
comprising a core material consisting of polyolefin fiber covered by sheath material consisting of another kind of poly- 
olefin and a composite fiber having a partitioned structure wherein different kinds of polyolefin fibers are connected 
together forming a circular shape. Examples of polyolefin useful in this case are polyethylene and polypropylene. 

As for the sheet material containing polyoleftn-based synthetic resin fibers, a nonwoven fabric made of the above- 
mentioned polyolefin fibers, a woven fabric made of the above-mentioned polyolefin fibers or a composite sheet com- 
posed of nonwoven fabric and woven fabric may be used. The nonwoven fabric can be manufactured by means of a 
dry^laid process, a wet-laid process, a spun bond method or a melt blow method. Among them, the spun bond method 
and melt blow method are preferable in view of capability of manufacturing a nonwoven fabric constituted by fine fibers, 
which is effective in preventing short between the positive electrode and the negative electrode. In particular, the non- 
woven fabric consisting of polyolefin fiber having a mean fiber diameter of 0. 1 to 1 Sum is preferable in view of preventing 
short between the positive electrode and the negative electrode. 

The hydrophilic portion of the separator may preferably be formed by graft-polymerizing a vinyl monomer having 
a hydrophilic group which has been adhered in advance on the surface of the sheet material. Examples of a vinyl 
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monomer having a hydrophilic group are acrylic acid, methacrylic acid, esters of acrylic acid or methacrylic acid, vi- 
nylpyridine, vinylpyrroiidone, styrene sulfonate, styrene, other compounds having a functional group which is capable 
of forming a salt through a reaction with an acid or base, or a functional group which is capable of forming a salt through 
a hydrolysis after being graft-polymerized. Among these vinyl monomers, acrylic acid is most preferable. 

The ratio of the graft-copolymerization of the vinyl monomer for forming a hydrophilic portion on the sheet material 
should preferably be 0.2 to 2.0 meq/g (milli-equivalent per gram) as measured by means of potassium ion exchange 
capacity to be determined by the titration explained below. If the ion exchange capacity is less than 0.2 meq/g ; the 
ratio of the graft-polymerization at the hydrophilic portion of the separator 3 becomes too low so that the liquid retention 
of the separator 3 may be lowered. On the other hand, if the ion exchange capacity exceeds over 2.0 meq/g, the 
operation voltage may be lowered in the occasion of discharging a great amount of electric current in the nickel-hy- 
drogen secondary battery provided with a separator. 

(Titration process) 

First, 0.5 to 1g of a sample (for example, a polyolefin nonwoven fabric which has been subjected to graft-polym- 
erization with acrylic acid) is taken into a 100 ml polyethylene wide-mouthed bottle and 100 ml of IN-HCI solution was 
introduced into the bottle. After sinking completely the sample into the solution if the sample is still floating on the 
surface of the solution, the resultant mixture was left to stand for one hour in a thermostatic chamber kept at a tem- 
perature of 60°C. Subsequently, the sample is transferred into a beaker containing 200 ml of ion-exchanged water, 
and then stirred with a glass rod to wash the sample while exchanging the ion-exchanged water until the pH of the 
washing liquid becomes 6 to 7. After finishing the washing, the water is removed from the sample, spread over the 
surface of a stainless steel tray, and then dried in a desiccator cabinet kept at a temperature of 1 00° C for one hour 
After drying the sample, the weight of the sample is measured up to 0.1 mg, and then taken into a 100 ml polyethylene 
wide-mouthed bottle to which is then added 110g±0.01gof 0.01N-KOH. On the other hand, 110g±0.01g of 0.01 N- 
KOH as a blank sample is put into a 100 ml polyethylene wide-mouthed bottle. 

Thereafter, these bottles are housed in a thermostatic chamber kept at a temperature of 60°C for two hours while gently 
stirring the solution in these bottles at every 30 minutes. Subsequently the bottles are gently shaken and then the 
samples are taken out of the bottles to be cooled down to room temperature. 

After being cooled, 100g of each sample is transferred to a 200 ml conical beaker measuring the sample up to 
O.Olg. Phenolphthalein is used as an indicator, and the sample is subjected to a neutralization titration with OJN-HCI 
solution. The solution of the blank sample is also treated in the same manner and subjected to a neutralization titration 
with 0.1N-HCI solution. Through this titration, the potassium ion exchange capacity is calculated according to the fol- 
lowing equation. 

I.E.C.= [T 2 X (S/S^-TjJ/Wt X (E/S,) X 0.1 X F 

wherein, 



I. E.G.: Potassium ion exchange degree (meq/g). 

T,: The amount (ml) of 0.1N-HCI solution required for the titration of the sample solution (ml). 

T 2 : The amount (ml) of 0.1N-HCI solution required for the titration of the blank sample solution (ml). 

The weight of the sample solution taken out (g). 

S 2 : The weight of the blank sample solution taken out (g). 

W 1 : The weight of the sample solution after drying (g). 

E, : The weight of 0.01 N-KOH solution added (g). 

F: Factor of 0. 1 N-HCI solution. 



The hydrophobic portion of the separator is formed by performing a treatment of the sheet material wherein the 
graft-polymerization of vinyl monomer having a hydrophilic group is hindered, such for example as an embossing 
treatment of the sheet material so as to partially turning the sheet material into a film. The shape of the embossing is 
not restricted to any particular shape, but may be a circle, an angular shape such as a square, or a stripe. The hydro- 
phobic portion of the separator can be formed also by laminating a woven fabric consisting of thick polyolefin fibers on 
a nonwoven fabric, a fabric or a composite sheet material. 

The areal ratio of the hydrophobic portion in second surface of the separator should preferably be 2 to 25%. If the 
areal ratio is less than 2%, it may be difficult to control the increase of the inner pressure of the secondary battery 
provided with a separator in the occasion of over-charging. On the other hand, if the areal ratio exceeds over 25%, the 
operation voltage may be lowered in the occasion of discharging a great amount of electric current in the nickel-hy- 
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drogen secondary battery provided with a separator. A more preferable range of areal ratio of the hydrophobic portion 

is 8 to 20%. , „,. . . 

In the first surface of the separator 3. the areal ratio of the hydrophobic portion may be 10% or less. If the hydro- 
phobic portion is to be formed on the first surface of the separator, the areal ratio of the hydrophobe portion should be 

s less than that of the first surface of the separator. When a separator having such a structure as expla.ned above is 
interposed between the paste-type positive electrode and the paste-type negative electrode in such a manner that the 
second surface of thereof is faced toward the negative electrode, i.e., the first surface of thereof is faced toward the 
positive electrode, it is possible to retain a greater amount of alkali electrolyte on the positive electrode side of the 
separator (the first surface) rather than on the negative electrode side. As a result, a sufficient amount of electric field 

io liquid membrane can be formed on the surface of the positive electrode, so that it is possible, due to the interfering 
action of the electric field liquid membrane, to prevent hydrogen gas generated from the negative electrode from passing 
through the separator into the positive electrode thereby inhibiting the self-discharge even if the nickel-hydrogen sec- 
ondary battery provided with a positive electrode, a separator and a negative electrode is stored in a high temperature 
atmosphere. 

is it is preferable to octroi the thickness of the separator 3 to a range of 0.1 5 mm to 0.3 mm. 

The weight per unit area of the separator 3 should preferably be 30 g/m* to 70 g/m*. If the weight per unit area of 
the separator 3 is less than 30 g/m*. the strength of the separator 3 may be undesirably lowered. On the other hand, 
if the weight per unit area of the separator 3 exceeds over 70 gAr* the capacity of the battery may be lowered. A more 
preferable range of the weight per unit area of the separator 3 is 40 g/rrr 2 to 60 g/m 2 . 

20 The separator 3 can be manufactured by the following methods (1 ) and (2) for example. 

(1) First, a embossing treatment is selectively performed on one surface out of a first surface 22 and a second 
surface 23. i e on the first surface 22 of a sheet material 21 (lor example a nonwoven fabric) containing polyolefin 
synthetic resin fibers as shown in FIGS. 2 to 4. With this embossing treatment, a plurality of circular depressed 
2S portions 24 are formed on the sheet material 21 and at the same time the bottom of the depressed portions 24 is 

transformed into a film-like portion 25 (film portion). Concurrently, a portion of the second surface 23 that corre- 
sponds to the depressed portions 24 is also transformed into a film-like portion. 

Then the sheet material is dipped into a solution containing vinyl monomer having a hydrophilic group, and 
then withdrawn out of the solution. In this treatment, the both of the first and second surface portions which cor- 
30 respond to the film portion 25 are prevented from being coated with the solution, since the these portion are turned 

into a film 25as shown in FIG. 3. The surface portions of the first and second surface 22 and 23 of the nonwoven 
fabric excluding the first and second surface portions which correspond to the film portion 25 are adhered with the 
solution. In this case, since the depressed portions 24 of the film 25 can be filled with the solution, the whole surface 
of the depressed portions 24 is contacted with the solution. 
3S Then, an energy beam is irradiated onto the sheet material thereby causing the graft-polymerization of the 

vinyl monomer at the portions where the solution is adhered. With this polymerization treatment, the whole surface 
of the first surface of the sheet material is made hydrophilic through the graft-polymerization of the vinyl monomer 
whereas in the second surface, the film portion corresponding to the bottom portion of the depressed portions 24 
is prevented from being adhered with the solution and other portions excluding this film portion are adhered with 
40 the solution, so that only the film portion is remained to be hydrophobic and the other portions are made hydrophilic. 

With these processes, a sheet material containing a potyolefin syn thetic resin fiber is formed and at the same 
time a separator having a first surface made hydrophilic and a second surface having a hydrophobe portion and 
a hydrophilic portion can be obtained. „„„ = „ fll= 
The embossing treatment on the first surface of the sheet material can be performed by u*ng an appara us 
*s comprising a pair of parallel rolls, each being adapted to be rotated opposite direction to each ofceu. e^ a W ^rol 
having a smooth surface and a second roll having a Plurality of pinpoint-shaped pro.ect^s ^. op-rajanrt 
this apparatus, these rolls are heated to 120 to 180-C for instance and the sheet material is ^ ^^Jj, 
the space between these rolls to press and thermally fuse the polyolefin synthetic re*n fibers of the sheet mate na 
thereby forming an emboss pattern. The shape o, me projections to be ^^^^^t 
is not restricted to the pinpoint shape, but any other shape such as square or ^^^^^^ 
As the energy beam, an uttra-violet ray, an electron beam, an X-ray. and other ionizing radiation can 

taSt a sheet material is prepared by superimposing and adhering a large meshed fabric consisting of thick 
^■JSS^ £ one I ^surfaces of nonwoven fabric consisting of polvole, " = 
fibers In this sheet material, the surface which is not adhered with the fabric is defined as a first surface ana ne 

containing vinyl monomer having a hydrophi.k: group, and then withdrawn* t of tine ^ JJ^JS 
the second surface portions adhering the fabric of thick fibers are prevented from bemg coated with 
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«h« band, sine. . portion ol •» nonwo-.n ou ^^fc .^gh me g ra ln»ly™,rtzato. 

portion is made hydrophilic. ^olefin synthetic resin fiber is formed and at the same time 

portion can be obtained. 

(4) Alkali electrolyte 

• Examplesofthealkali^ 
a mixed solution of potassium hydrox.de KOH) and UOK „„ ^ and negative electrodes 

,n the embodiment shown in FIG. 1. the « '^J^<^^*1 bottome d cylindrical case 1. However, the 
2. 4. and resultant structure is spirally wound and accom™^ 1 £ ™ e a construction . A is also possible to construct 
nickel-hydrogen secondary batte^^^ 
anickel-hydrogensecondary battery in are^^ 

^rrjssrrnr^r™arri i j: . — - - — — ■ 

laced toward the negative electrode. acc ordinq to the present invention comprises; a case, 

As explained above, the ^'^Z^^TZ ^X a nic'kel oxide and a polymeric binder, a 
a paste-type positive electrode a*"""^^^ 

paste-type negative electrode accommodated .n ^ be interposed between the positive and negate 

binder, a separator accommodated in »*~^ 'J^'SSL. the separator * formed of a sheet mater*, 
electrodes, and an alkali electrolyte «T^^ n * - a ^^, bei ng made hydrophilic and a second surface 
containing polyolefin-based synthetic ™"™™^**Z p ^ and a hydrophobic portion, the separator being 

ne ^hrrtruction,ithasbecome^ 

electrode contacting with the second surface o. %Z*^™^ is gener ated during an overcharging. ,n the 
drophobic portion. As a result, the consumption rate of oxygen , ga* whic g ^ ^ Furthef 

negative electrode is prominently "J^J^Ci P"^ in * e occasi ° n °' 

since the absorption rate of ^^JSJ See^hase boundary thus produced, rt has become 

charging can be remarkably increased *^ "Jf of £ averse charging. 

possible to lower the inner pressure of the battery the pas t e -ty pe positwe elec- 

When a separator having such a structure as explained above jrtj (gces tQward the posltwe 

trode and the paste-type negative electrode* such a ^ ^ electro de side o< the separator 

electrode, * is possible to retain a greater ^^su,, a sufficient amount of electric field l,qu,d 

(the first surface) rather than on the ^negaUv ^electrode s de. A* ^ ^ & ^ {Q ^ rfer , ng 

membrane can be formed on the surface of **^*™°*™™ enefa{ed , ro m the negative electrode from passing 
of the electric field liquid membrane, to ^^seMischarge. 

through the separator into the positive electrode thereby inh.b t'"9 ™ jt has become possible according to this 
Therefore, with the provision of the separator constructed nM™ ^ ^ ^ ^ nydrophobjc 

invention to secondary battery in such a manner as to be wsj, ^ possjble tQ provjde m excel|ent 

portion being disposed at the negate electrode «c ^^^ J^^xernpe^^ge^^.ec^ry 
secondary battery which is capable of mhibitmg the ^^^ f0 in a , ne ^sion of overcharging. 
> battery' and at the same time inhibiting the iincrea se in ' n ™ p seC ondary battery of this invention to retain the 

Further, it has become possible according to the w» i £ ^ resistan ce due to the decrease of the electrolyte, 
electrolyte for a long period of time, and to control the mc re ^ hydr ophilic portion which is formed by the graft- 

Since the separator to be used in this invent.on is prov.ae 
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copotymerization of the vinyl monomer having a hydrophilic group and the ratio of the grafl«;opolymerization is con* 
trolled to 0.2 to 2.0 meq/g (milli-equivalent per gram) as measured by means of potassium ion exchange capacity to 
be determined by the titration explained above, it has become possible to improve the retention of the electrolyte and 
therefore to obtain a nickel-hydrogen secondary battery having a sufficiently decreased inner resistance. 

1 1 is possible according to this invention to easily prepare a separator which is formed of a sheet material containing 
polyolefin-based synthetic resin fibers and has a first surface being made hydrophilic and a second surface having 
hydrophilic and hydrophobic portions by the process comprising the steps of embossing a first surface of a sheet 
material containing polyolefin-based synthetic resin fibers thereby forming an embossed film portion; dipping the sheet 
material into a solution containing a vinyl monomer having a hydrophilic group so as to attaching the solution to the 
first surface and a second surface which is opposite to the first surface except the embossed film portion; and irradiating 
an energy beam onto the sheet material thereby graft-polymerizing said vinyl monomer attached to the sheet material. 

Since the separator is disposed between the paste-type positive electrode and the paste-type negative electrode 
in such a manner that the second surface faces toward the negative electrode, it is possible to manufacture a nickel- 
hydrogen secondary battery which is capable of inhibiting the self-discharge during a high temperature storage of the 
secondary battery, and at the same time inhibiting the increase in inner pressure in the occasion of over-charging and 
the increase in inner resistance due to the decrease of the electrolyte. 

This invention will be further explained with reference to preferred examples and drawings. 

(Example 1) 

(Preparation of a paste-type negative electrode) 

With the empioyment of lanthanum-rich misch metal Lm which is available in the market, Ni, Co, Mn and Af, and 
with the use of a high frequency furnace, a hydrogen-absorbing alloy having a composition of LmNi 4 0 Co 0 4 Mn 0 3 AI 0 3 
was prepared. This hydrogen-absorbing alloy was then pulverized by a mechanical means, and the pulverized material 
was sieved through a 200 mesh sieve. 100 pans by weight of the hydrogen absorbing alloy powder thus sieved was 
mixed with 0.5 part by weight of sodium polyacrylate, 0. 1 25 part by weight of carboxymethyl cellulose (CMC), 2.5 parts 
by weight of the dispersion of polytetrafluoroethylene (specific gravity; 1.5, solid portion: 60 wt%), 1.0 part by weight 
of carbon powder (a conductive material) and 50 part by weight of water thereby preparing a paste. This paste was 
coated over a punched metal, and after being dried, press-molded to form a paste-type negative electrode. 

(Preparation of a paste-type positive electrode) 

To a mixture consisting of 90 parts by weight of nickel hydroxide powder and 10 parts by weight of cobaft oxide 
powder are added 0.3 part by weight of carboxymethyl cellulose (CMC) and 0.5 parts by weight (measured as a solid) 
of the dispersion of polytetrafluoroethylene (specific gravity: 1 .5, solid portion: 60 wt%) to obtain a mixture to which 45 
parts by weight of demineralized water was added and the mixture was kneaded to prepare a paste. This paste was 
then filled into a fibrous substrate plated with nickel and then the same paste was coated over the both surfaces of the 
substrate. After being dried, the substrate was rolled to obtain a paste-type positive electrode. 

(Preparation of a separator) 

A nonwoven fabric consisting of a mean fiber diameter of 10 jam and having a weight per unit area of 50 g/m 2 and 
a thickness of 0.20 mm was prepared by processing polypropylene resin according to a spun bond method. Then, 
using an apparatus comprising a pair of parallel rolls, each being adapted to be rotated opposite direction to each 
other, i.e. a first roll having a smooth surface and a second roll having a plurality of pinpoint-shaped projections and 
heated to 130°C, the nonwoven fabric was forced to pass through the space between these rolls to be pressed and 
thermally fused, thereby forming an emboss pattern. As a result, a plurality of circular depressions were formed on the 
nonwoven fabric, and at the same time a plurality of film-like portions (film portion) were formed on the bottom (em- 
bossed surface) of the circular depressions. Concurrently, the portions of the second surface which correspond to the 
embossed surface were turned into a film. The areal ratio of the film portion was 16% based on the whole area of the 
second surface of the nonwoven fabric. Thereafter, the nonwoven fabric was dipped into an aqueous acrylic acid 
solution, and then exposed to the irradiation of ultra-violet ray thereby graft-polymerizing the acrylic acid monomer. 
The resultant nonwoven fabric was washed to remove unreacted acryfic acid, and then dried thereby obtaining a sep- 
arator. 

The embossed first surface of the separator was found as being entirely made hydrophilic. The whole area ex- 
cepting the film portion of the second surface of the separator was found also as being made hydrophilic and the film 
portion of the second surface was remained hydrophobic. Namely, both hydrophilic portion and hydrophobic portion 
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(areal ratb: 16%) were formed on the second surface of the separator. When the hydrophilic portion of the separator 
was measured by a titration method to determine the graft-copolymerization ratio of the acrylic acid monomer, the 
potassium ion exchange capacity was found 0.8 meo/g. 

This separator was disposed between positive and negative electrodes in such a manner that the second surface 
5 having a hydrophilic portion and a hydrophobic portion of the separator faces to the negative electrode, and the resuftant 
composite was spirally wound to form an electrode group. This electrode group and an electrolyte comprising 7N of 
KOH and 1N of LiOH were housed in the closed-end cylindrical case to manufacture a cylindrical nickel-hydrogen 
secondary battery of AA size as shown in FIG. 1 . 

! 

io (Example 2) 

A nonwoven fabric consisting of a mean fiber diameter of 1 ujti and having a thickness of 0.2 mm was prepared 
by processing polypropylene resin according to a melt-blow method. Then, in the same manner as explained in Example 
1 . the nonwoven fabric was embossed, and then dipped into an aqueous acrylic acid solution. The wet nonwoven fabric 
is was irradiated with ultra-violet ray thereby graft-polymerizing the acrylic acid monomer. As a result, a separator which 
has a first surface being entirely made hydrophilic, and a second surface having a hydrophilic portion and a hydrophobic 
portion was obtained. 

When the hydrophilic portion of the separator was measured by a titration method to determine the graft-copoly- 
merization ratio of the acrylic acid monomer, the potassium ton exchange capacity was found 0.8 meq/g. 
20 This separator was disposed between positive and negative electrodes of the same structure as used in Example 

1 in such a manner that the second surface of the separator faces to the negative electrode, and the resultant composite 
was spirally wound to form an electrode group. This electrode group and an electrolyte of the same composition as 
used in Example 1 were housed in the closed-end cylindrical case to manufacture a cylindrical nickel -hydrogen sec- 
ondary battery of AA size as shown in FIG. 1. 

25 

(Example 3) 

A fiber having a lower melting point than that of polypropylene resin was prepared by copolymerizing polypropylene 
resin with butene. 50% by weight of this fiber and 50% by weight of polypropylene resin fiber were mixed together and 

30 formed into a nonwoven fabric by a wet-laid process thereby obtaining a nonwoven fabric having a thickness of 0.2 
mm. Then, in the same manner as explained in Example 1 , the nonwoven fabric was embossed, and then dipped into 
an aqueous acrylic acid solution. The wet nonwoven fabric was irradiated with ultra-violet ray thereby graft-polymerizing 
the acrylic acid monomer. As a result, a separator which has a first surface being entirely made hydrophilic, and a 
second surface having a hydrophilic portion and a hydrophobic portion was obtained. 

35 When the hydrophilic portion of the separator was measured by a titration method to determine the graft-copoly- 

merization ratio of the acrylic acid monomer, the potassium ion exchange capacity was found 0.8 meq/g. 

This separator was disposed between positive and negative electrodes of the same structure as used in Example 
1 in such a manner that the second surface of the separator faces to the negative electrode, and the resultant composite 
was spirally wound to form an electrode group. This electrode group and an electrolyte of the same composition as 

40 used in Example 1 were housed in the closed-end cylindrical case to manufacture a cylindrical nickel-hydrogen sec- 
ondary battery of AA size as shown in FIG. 1 . 

(Example 4) 

45 A nonwoven fabric having a thickness of 0.2 mm was prepared by stacking together the nonwoven fabric produced 

according to the melt-blow method as explained in Example 2 fiber and the nonwoven fabric produced according to 
the wet-laid process as explained in Example 3. Then, in the same manner as explained in Example 1 , the nonwoven 
fabric was embossed, and then dipped into an aqueous acrylic acid solution. The wet nonwoven fabric was irradiated 
with ultra-violet ray thereby graft-polymerizing the acrylic acid monomer. As a result, a separator which has a first 

so surface being entirely made hydrophilic, and a second surface having a hydrophilic portion and a hydrophobic portion 
was obtained. In this embossing process, the embossing was performed from the nonwoven fabric side which was 
prepared according to the wet-laid process. 

When the hydrophilic portion of the separator was measured by a titration method to determine the graft-copoly- 
merization ratio of the acrylic acid monomer, the potassium ion exchange capacity was found 0.8 meq/g. 

ss This separator was disposed between positive and negative electrodes of the same structure as used in Example 

1 in such a manner that the second surface of the separator faces to the negative electrode, and the resultant composite 
was spirally wound to form an electrode group. This electrode group and an electrolyte of the same composition as 
used in Example 1 were housed in the closed-end cylindrical case to manufacture a cylindrical nickel-hydrogen see- 
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ondary battery of AA size as shown in FIG. 1 . 
(Example 5) 

A nonwoven fabric consisting of a mean fiber diameter of 1 um and having a weight per unit area of 35 g/m 2 was 
prepared by the melt-blow method. On the other hand, another woven fabric having a weight per unit area of 15 g/m 2 
and a rectangular sectional area 500 u.m in width was prepared by knitting polypropylene fibers. Then, the nonwoven 
fabric mentioned above was stacked on the woven fabric prepared above so as to fusion-bonding them, thus obtaining 
a composite sheet having a weight per unit area of 50 g/m 2 . 

After the composite sheet being dipped into an aqueous acrylic acid solution, the wet composite sheet was irra- 
diated with ultra-violet ray thereby graft-polymerizing the acrylic acid monomer. As a result, a separator which has a 
first surface being constituted by the nonwoven fabric and entirely made hydrophiiic, and a second surface having 
hydrophilic portions constituted by the nonwoven fabric exposed from the open mesh and partially hydrophobic portions 
constituted by the woven fabric was obtained. 

When the hydrophilic portion of the separator was measured by a titration method to determine the graft-copoly- 
merization ratio of the acrylic acid monomer, the potassium ion exchange capacity was found 0.8 meq/g. 

This separator was disposed between positive and negative electrodes of the same structure as used in Example 
1 in such a manner that the second surface of the separator faces to the negative electrode, and the resultant composite 
was spirally wound to form an electrode assembly. This electrode assembly and an electrolyte of the same composition 
as used in Example 1 were housed in the closed-end cylindrical case to manufacture a cylindrical nickel-hydrogen 
secondary battery of AA size as shown in FIG. 1. 

(Example 6) 

A core-sheath type composite fiber comprising a core material consisting of polypropylene fiber covered by a 
sheath material consisting of polyethylene was prepared. This composite fiber was mixed with polypropylene fiber 
having a mean diameter of 10 urn at the ratio of 50:50, and the resultant mixture was formed into a nonwoven fabric 
by a wet-laid process. Then, in the same manner as explained in Example 1 , the nonwoven fabric was embossed, and 
then dipped into an aqueous acrylic acid solution. The wet nonwoven fabric was irradiated with ultra-violet ray thereby 
graft-polymerizing the acrylic acid monomer. As a result, a separator which has a first surface being entirely made 
hydrophilic, and a second surface having a hydrophilic portion and a hydrophobic portion was obtained. 

When the hydrophilic portion of the separator was measured by a titration method to determine the graft-copoly- 
merization ratio of the acrylic acid monomer, the potassium ton exchange capacity was found 0.8 meq/g. 

This separator was disposed between positive and negative electrodes of the same structure as used in Example 
1 in such a manner that the second surface of the separator faces to the negative electrode, and the resultant composite 
was spirally wound to form an electrode group. This electrode group and an electrolyte of the same composition as 
used in Example 1 were housed in the closed-end cylindrical case to manufacture a cylindrical nickel-hydrogen sec- 
ondary battery of AA size as shown in FIG. 1 . 

(Comparative Example 1) 

A core-sheath type composite fiber comprising a core material consisting of polypropylene fiber covered by a 
sheath material consisting of polyethylene and having a mean diameter of 15 urn was prepared. On the other hand, a 
core-sheath type composite fiber comprising a core material consisting of polypropylene fiber covered by a sheath 
material consisting of ethylene-vinylalcohol copolymer and having a mean diameter of 15 u.m was prepared. These 
composite fibers were mixed together and the resultant mixture was treated by a dry -laid process to form a separator 
consisting of nonwoven fabric having a weight per unit area of 50 g/m 2 and a thickness of 0.20 mm. 

This separator was disposed between positive and negative electrodes of the same structure as used in Example 
1 , and the resultant composite was spirally wound to form an electrode group. This electrode group and an electrolyte 
of the same composition as used in Example 1 were housed in the closed-end cylindrical case to manufacture a 
cylindrical nickel-hydrogen secondary battery of AA size as shown in FIG. 1. 

(Comparative Example 2) 

A core-sheath type composite fiber comprising a core material consisting of polypropylene fiber covered by a 
sheath material consisting of polyethylene and having a mean fiber diametor of 15 ujti was prepared. This composite 
fiber was mixed with polypropylene fiber having a mean diameter of 10 urn at the ratio of 50:50, and the resultant 
mixture was treated by a wet-laid process to form a nonwoven fabric having a weight per unit area of 50 g/cm 2 and a 
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thickness of 0.2 mm. The nonwoven fabric was inserted between two polyethylene films, and heat-seal treatment was 
carried out in both sides of the nonwoven fabric to form circular heat-sealed positions having a diameter of 1 mm in a 
lattice formation. An areal ratio of the circular heat-sealed potions was 16% in the nonwoven fabric. Then, in the same 
procedure as explained in Example 1 , the nonwoven fabric was dipped into an aqueous acrylic acid solution, and then 
irradiated with ultra-violet ray thereby graft-polymerizing the acrylic acid monomer attached to the nonwoven fabric 
expected the circular heat-sealed potions. Thereafter, the polyethylene films was removed to obtain a separator. This 
separator had a hydrophilic portion and a hydrophobic portion on its either surface, and an areal ratio of hydrophilic 
portion and hydrophobic portion being 84:16. 

When the hydrophobic portion of the separator was measured by titration method of to determine the graft-copo- 
lymerization ratio of the acrylic acid monomer, the potassium ion exchange capacity was found 0.8 meq/g. 

This separator was disposed between the positive and negative electrodes of the same structure as used in Ex- 
ample 1, and the resultant composite was spirally wound to form an electrode group. This electrode group and an 
electrolyte of the same composition as used in Example 1 were housed in the closed-end cylindrical case to manufacture 
a cylindrical nickel-hydrogen secondary battery of AA size as shown in FIG. 1 . 

These secondary batteries obtained in Examples 1 to 6 and Comparative Examples 1 and 2 were subjected to 
three cycles of charge/discharge wherein each battery was charged to a depth of 150% with an electricity quantity of 
1.0 CmA and discharged with a cut of 1.0 CmA/1.0V. Subsequently, the batteries were left to stand, after charging 
them to a depth of 1 50% with a current of 1 CmA. in a thermostatic chamber kept at a temperature of 45°C for 1 4 days. 
Then, the batteries were allowed to discharge with a current of 1 CmA until the voltages thereof were lowered down 
to 1 .0V and then a discharge capacity (residual capacity) of each battery was measured. The residual ratio of capacity 
was calculated by the following equation. 

The residual capacity ratio (%) = (C R /C Q ) X 100 

wherein C 0 represents a discharge capacity measured when the voltage was lowered down to 1 .0V as a result of 
discharge of the battery with a current of 1 CmA after the battery is charged to a depth of 1 50% with a current of 1 
CmA before being stored in the thermostatic chamber kept at a temperature of 45°C for 14 days; and C R represents 
a discharge capacity measured immediately after the storage of battery in the thermostatic chamber kept at a temper- 
ature of 45*C for 14 days. 

The relationship between the storage period and the residual capacity ratio as calculated from the above equation 
is shown in FIG. 5. As seen from FIG. 5, the secondary batteries according to Examples of 1 to 6 are superior than 
the secondary battery in self-discharging property under the condition of a high temperature storage. This can be 
attributed to the fact that the separators employed in Examples of 1 to 6 are constructed in such a manner that the first 
surface is entirely made hydrophilic and this hydrophilic first surface is disposed to face the positive electrode so that 
an electrolyte membrane is formed on the surface of the positive electrode thereby preventing hydrogen gas generated 
from the paste-type negative electrode containing hydrogen-absorbing alloy during the storage at high temperature 
from reaching the positive electrode. Therefore, any reducing reaction due to the presence of hydrogen at the positive 
electrode can be effectively inhibited thereby improving the self -discharge property of the battery during the storage 
thereof at high temperature. 

The secondary battery of Comparative Example 2 has a separator which has a hydrophilic portion and a hydro- 
phobic portion on its either surface. The hydrophobic portions on the surfaces of the separator have the same area. 
The hydrogen gas generated from the negative electrode passes through the hydrophobic portions of the separator 
before reaching the positive electrode. The hydrogen gas causes a reducing reaction at the positive electrode, increas- 
ing the self-discharge. 

Further, the measurement of inner pressure in the secondary batteries obtained in Examples 1 to 6 and Compar- 
ative Example 1 was conducted as follows. This measurement of inner pressure was carried out by housing respectively 
the secondary batteries obtained in Examples 1 to 6 and Comparative Example 1 in the chamber of a pressure meas- 
urement apparatus shown in FIG. 6. 

Namely, the pressure measurement apparatus is provided with a battery case comprising a main case body 31 
made of acrylic resin and cap 32. In the central portion of the main case body 31 is formed a space 33 having the same 
size of width and height as those of the battery of AA size. In this space 33 is disposed the secondary battery C. The 
secondary battery C has not a sealing plate. The cap 32 is mounted on the top of the main case body 31 and air-tightly 
fixed thereon by means of bolt 36 and nut 37 through packing 34 and O-ring 35. On this cap 32 is attached a pressure- 
detecting device 38. A negative electrode lead 39 and an positive electrode lead 40 extending respectively from the 
negative electrode and positive electrode are taken out of the main case body 31 through a space between the packing 
34 and O-ring 35. 

With this pressure measurement apparatus, a measurement of the maximum inner battery pressure of the sec- 
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ondary batteries obtained in Examples 1 to 6 and Comparative Example 1 was carried out when the battery is charged 
up to the depth of 480% with a current of 0.5 CmA. the results are shown in Table 1 shown below. 



Table 1 





Maximum Inner Battery Pressure 


Example 1 


4.8 kg/cm 2 


Example 2 


5.3 kg/cm 2 


Example 3 


4.2 kg/cm 2 


Example 4 


5.4 kg/cm 2 


Example 5 


5.5 kg/cm 2 


Example 6 


4.3 kg/cm 2 


Comp. Example 1 


12.8 kg/cm 2 



As seen from the Table 1, the secondary batteries according to Examples of 1 to 6 are more effective than the 
secondary battery in inhibiting the increase of inner pressure in the occasion of over-charging. This can be attributed 
to the fact that the separators employed in Examples of 1 to 6 are constructed in such a manner that the first surface 
is entirely made hydrophilic and the second surface has hydrophilic portion and hydrophobic portion, and second 
surface is disposed to face the negative electrode so that a sufficient amount of the three phase boundary can be 
distributed on the surface of the negative electrode, the three phase boundary providing a site of reaction of consuming 
oxygen gas to be generated during overcharging. It was confirmed that this improved characteristics is effective not 
only in the occasion of over-charging, but also in the occasion of reverse-charging which also causes the generation 
of hydrogen gas. 

The secondary batteries obtained in Examples 1 to 6 and Comparative Example 1 were subjected to repeating 
cycles of charge/discharge wherein each battery was charged to a depth of 150% with an electricity quantity of 1.0 
CmA and discharged with a cut of 1 .0 CmA/1 .0V. The discharge capacity of each battery was calculated by measuring 
the time required for the voltage of battery to be lowered due to discharge with a current of 1.0 CmA down to 1 .QV in 
every cycle. 

The results of test on the charge/discharge cycle property are shown in FIG. 7. The discharge capacity representing 
the axis of ordinate of FIG. 7 is indicated by setting the discharge capacity at the first cycle of Example 1 as being 100, 
on the basis of which values of the discharge capacity of other cycles in Examples 1 to 6 and Comparative Example 
1 are shown. The ratio of cycle number representing the axis of abscissa of FIG. 7 is indicated by setting the cycle 
number at which a discharge capacity was lowered to 80% of the discharge capacity at the first cycle of Example 1 as 
being 100, on the basis of which the number of cycles in Examples 1 to 6 and Comparative Example 1 are shown. 

As seen from FIG. 7, the charge/discharge cycle life of the secondary batteries according to Examples of 1 to 6 
is longer than that of the secondary battery. This can be attributed to the fact that the separators employed in Examples 
of 1 to 6 are constructed in such a manner that the first surface is entirety made hydrophilic through the graft-copoly- 
merization of acrylic acid monomer, thereby making it possible to assure an excellent retention of electrolyte for a long 
period of time and to inhibit any increase in the inner resistance of the battery. 

As explained above, it is possible according to the present invention is to provide a nickel-hydrogen secondary 
battery and a method of manufacturing the nickel-hydrogen secondary battery wherein a long life of the battery is 
assured, and at the same time, an improved self-discharging property in a high temperature storage and the inhibition 
of increase in inner pressure of the battery in the occasion of over-charging can be realized. 



Claims 

1. A nickel-hydrogen secondary battery, comprising: 
a case (1); 

a paste-type positive electrode (2) accommodated in the case (1) and containing nickel hydroxide and a pol- 
ymeric binder; 

a paste-type negative electrode (4) accommodated in the case (1) and containing a hydrogennabsorbing alloy 
and a polymeric binder; 

a separator (3) accommodated in the case (1 ) in such a manner as to be interposed between the positive and 
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negative electrodes (2, 4); and 

an alkali electrolyte accommodated in the case (1 ); 

wherein the separator (3) is made of a sheet material containing polyolefin-based synthetic resin fibers and 
having first and second surfaces opposite to each other, 

5 

characterized in that: 

the first surface of the separator (3) has a hydrophilic portion and a hydrophobic portion having an areal ratio 
of 10% or less including 0% based on the area of the first surface, the second surface of the separator has a 
10 hydrophilic portion and a hydrophobic portion having an areal ratio of 2 to 25% based on the area of the second 

surface, and the areal ratio of the hydrophobic portion on the second surface is higher than that on the first 
surface; and 

the separator (3) is interposed between the positive electrode (2) and the negative electrode (4) such that the 
second surface of the separator (3) faces the negative electrode (4). 

is 

2. The secondary battery according to claim 1 , characterized in that the hydrogen-absorbing alloy is represented by 
a formula of LmN^MnyA^ wherein Lm represents lanthanum-rich misch metal, A represents at least one element 
selected from A! and Co, x, y and z are number which meets an equation of 4.8 < x + y + z < 5.4. 

20 3. The secondary battery according to claim 1 , characterized in that the polyolefin-based synthetic resin fibers are 
polyethylene fibers and/or polypropylene fibers. 

4. The secondary battery according to claim 1, characterized in that the polyolefin-based synthetic resin fibers are 
core-sheath type composite fibers comprising a core material consisting of polyolefin fibers covered by a sheath 

25 material consisting of another kind of polyolefin. 

5. The secondary battery according to claim 1, characterized in that the hydrophilic portion of the separator is con- 
stituted by a graft -copolymerization of vinyl monomer having a hydrophilic group. 

30 6. The secondary battery according to claim 5, characterized in that a graft-copolymerization ratio of said vinyl mon- 
omer constituting said hydrophilic portion of the separator is 0.2 to 2.0 meq/g as measured by means of potassium 
ion exchange capacity to be determined by a titration. 

7. The secondary battery according to claim 5 t characterized in that the vinyl monomer having a hydrophilic group 
& is acrylic acid monomer. 

8. The secondary battery according to claim 1 , characterized in that an areal ratio of hydrophobic portion of the second 
surface is 8 to 20% of the total area of the second surface. 

40 9. A method for manufacturing a nickel-hydrogen secondary battery comprising a case (1 ), a paste-type positive 
electrode (2) accommodated in the case (1) and containing nickel hydroxide and a polymeric binder, a paste-type 
negative electrode (4) accommodated in the case (1 ) and containing a hydrogen -absorbing alloy and a polymeric 
binder, a separator (3) accommodated in the case (1 ) in such a manner as to be interposed between the positive 
and negative electrodes (2, 4), and an alkali electrolyte accommodated in the case (1); wherein the separator (3) 

45 is formed by the steps of; 

embossing a first surface of a sheet material containing polyolefin-based synthetic resin fibers thereby forming 
an embossed film portion; dipping said sheet material into a solution containing a vinyl monomer having a 
hydrophilic group so as to attaching the solution to the first surface and a second surface located opposite to 
50 the first surface except the embossed film portion; and irradiating an energy beam onto the sheet material 

thereby graft-polymerizing the vinyl monomer attached to the sheet material; 

the separator (3) being interposed between the positive and negative electrodes (2, 4) in such a manner that 
the second surface is faced toward the negative electrode (4). 

55 10. The method according to claim 9, characterized in that the sheet material is a n on woven fabric formed of polypro- 
pylene. 

11. The method according to claim 9, characterized in that the hydrogen-absorbing alloy is represented by a formula 
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of LmN^MnyAj, wherein Lm represents lanthanum-rich misch metal. A represents at least one element selected 
from Al and Co, x, y and z are number which meets an equation of 4.8 < x + y + z < 5.4. 

12. The method according to claim 9, characterized in that the polyolefin-based synthetic resin fibers are polyethylene 
fibers and/or polypropylene fibers. 

13. The method according to claim 9, characterized in that the polyolefin-based synthetic resin fibers are core-sheath 
type composite fibers comprising a core material consisting of potyolefin fibers covered by a sheath material con- 
sisting of another kind of polyolefin. 

1 4. The method according to claim 9, characterized in that the embossing process is performed on the first surface of 
the sheet material at a ratio of 8 to 20% of the total area of the first surface. 

15. The method according to claim 9, characterized in that the vinyl monomer having a hydrophilic group is acrylic 
acid monomer. 

16. The method according to claim 9, characterized in that a graft -copolymerization ratio of the vinyl monomer con- 
stituting the hydrophilic portion of the separator is 0.2 to 2.0 meq/g as measured by means of potassium ion 
exchange capacity to be determined by a titration. 

17. The secondary battery according to claim t , wherein the separator (3) has a plurality of depressed portions formed 
on the first surface and film portions formed on those portions of the second surface which correspond to the 
depressed portions on the first surface, the hydrophobic portions on the second surface consisting of the film 
portions, and the hydrophilic portions on the first and second surfaces being formed by graft copolymerization of 
vinyl monomers having hydrophilic groups. 

Patentanspruche 

1. Nickel-Wasserstoff-Sekundarbatterie, umfassend 

ein Gehause (1); 

eine in dem Gehause (1) untergebrachte pastenartige positive Elektrode (2) mtt Nickelhydroxid und einem 
polymeren Bindemittel; 

eine in dem Gehause (1) untergebrachte pastenartige negative Elektrode (4) met einer Wasserstoff absorbie- 
renden Legierung und einem potymeren Bindemittel; 

ein in dem Gehause (1) zwischen die posith/en und negath/en Elektroden (2, 4) eingef Ogles Trennelement (3) 
und 

einen in dem Gehause (1) untergebrachten 

Alkalielektrolyten, wobei das Trennelement (3) aus einem lagenformigen Material mit Kunstharzfasern auf 
Polyolefinbasis besteht und einander gegenuberliegende erste und zweite Oberflachen aufweist, dadurch 
gekennzeichnet, dafl 

die erste Oberflache des Trennelements (3) einen hydrophilen Bereich und einen hydrophoben Bereich mit 
einem Flachenverhaltnis auf der Basis der ersten Oberflache von 10% Oder weniger etnschlief3/ich 0% und 
die zweite Oberflache des Trennelements etnen hydrophilen Bereich und einen hydrophoben Bereich mit ei- 
nem Flachenverhaltnis auf der Basis der Flache der zweiten Oberflache von 2 - 25% aufweisen und das 
Flachenverhaltnis des hydrophoben Bereichs auf der zweiten Oberflache grofier ist als dasjenige auf der 
ersten Oberflache, und 

das Trennelement (3) zwischen die positive Elektrode (2) und die negative Elektrode (4) derart eingefugt ist. 
daG die zweite Oberflache des Trennelements (3) auf die negative Elektrode (4) ausgerichtet ist. 

2. Sekundarbatterie nach Anspruch 1, dadurch gekennzeichnet, daf3 die Wasserstoff absorbierende Legierung der 
Forme I LmN^Mn^ entspricht, worin bedeuten: 

Lm ein lanthanreiches Mischmetall, 

A mindestens ein Element, ausgewahlt aus Al und Co und 

x, y und z Zahlen, die die Gleichung: 4,8 < x + y + z < 5,4 erfullen. 
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3. Sekundarbatterie nach Anspruch 1 , dadurch gekennzeichnet, daB es sich bei den Kunstharzfasern auf Potyole- 
finbasis urn Potyethylenfasern und/oder Polypropyfenfasern handelt 

4. Sekundarbatterie nach Anspruch 1, dadurch gekennzetchnet, daft es sich bei den Kunstharrfasem auf Polyole- 
finbasis um Kompositfasern vom Kern/HOIIe-Typ, umfassend ein Kemmatenal aus Polyolefinfasem, das von einem 
Hullmaterial aus einer anderen Art Polyolefin bedeckt ist, handelt. 

5. Sekundarbatterie nach Anspruch 1, dadurch gekennzeichnet, daft der hydrophile Bereich des Trennelements 
durch Pfropfcoporymerisation eines Vinylmonomers mit einer hydrophilen Gruppe gebildet isf. 

i 

6. Sekundarbatterie nach Anspruch 5, dadurch gekennzeichnet, daB das Pfropfcopolymerisationsverhaltnis des den 
hydrophtlen Bereich des Trennelements bildenden Vinylmonomers 0,2 - 2,0 mAc/g, gemessen als durch Titration 
zu bestimmende Kaliumionenaustauschkapazitat, betragt. 

7. Sekundarbatterie nach Anspruch 5, dadurch gekennzeichnet, daB das Vinyfmonomer mit einer hydrophifen Gruppe 
aus einem Acrylsauremonomer besteht. 

8. Sekundarbatterie nach Anspruch 1 , dadurch gekennzeichnet, daf3 der Flachenanteil des hydrophoben Bereichs 
der zwerten Oberflache 8 - 20% der Gesamtflache der zweiten Oberflache betragt. 

9. Verfahren zur Hersteilung einer Nickel-Wasserstoff-Sekundarbatterie, umfassend ein Gehause (1), eine in dem 
Gehause (1) untergebrachte pastenartige positive Elektrode (2) mit Nickelhydroxid und einem polymeren Binde- 
mittel, eine in dem Gehause (1 ) untergebracht pastenartige negative Elektrode (4) mit einer Wasserstoff absor- 
biarenden Legierung und einem potymeren Bindemittel, ein derart in dem Gehause (t) untergebrachtes Trennele- 
ment, daB es zwischen die positiven und negativen Elektroden (2, 4) eingefugt ist, sowie einen in dem Gehause 
(1 ) untergebrachten Alkalielektrotyten, wobei das Trennelement (3) in folgenden Stuf en gebildet wird: Pragen einer 
ersten Oberflache eines lagenformigen Materials mit Kunstharzfasern auf Potyotefinbasis unter Bildung eines ge- 
pragten Filmbereichs, Eintauchen des lagenformigen Materials in eine ein Vinylmonomer mit einer hydrophilen 
Gruppe enthaltende losung, um die Losung an der ersten Oberflache und an einer zweiten der ersten Oberfiache 
gegenuberllegenden Oberflache mit Ausnahme des gepragten Filmbereichs zum Haften zu bringen, und Bestrah- 
len des lagenformigen Materials mit Strahlungsenergie zur Pfropf polymerisation des an dem lagenformigen Ma- 

' terials haftenden Vinylmonomers, wobei das Trennelement (3) derart zwischen die positiven und negativen Elek- 
troden (2, 4) eingefugt ist, daft die zweite Oberflache auf die negative Elektrode (4) hin ausgerichtet ist, 

10. Verfahren nach Anspruch 9, dadurch gekennzeichnet, daB das lagenformige Material aus einem Poiypropylenvties 
besteht. 

11. Verfahren nach Anspruch 9, dadurch gekennzetchnet, daB die Wasserstoff absorbierende Legierung der Forme! 
LmN^MnyAj entspricht, worin bedeuten: 

Lm ein lanthanreiches Mischmetall. 

A mindestens ein Element, ausgewahlt aus Al und Co und 

x, y und z Zahlen, die die GJeichung: 4,8 < x + y + z < 5,4 erfuWen. 

12. Verfahren nach Anspruch 9, dadurch gekennzeichnet, daB die Kunstharzfasern auf Polyolefinbasis aus Polyethy- 
lenfasern und/oder Polypropylenfasern bestehen. 

13. Verfahren nach Anspruch 9, dadurch gekennzeichnet, daB es sich bei den Kunstharzfasern auf Polyolefinbasis 
um Kompositfasern vom Kern/HOIIe-Typ, umfassend ein Kernmaterial aus Polyoleftnfasem, das von einem Hull- 
material aus einer anderen Art Polyolefin bedeckt ist, handelt. 

14. Verfahren nach Anspruch 9, dadurch gekennzeichnet, daB das Prageverfahren auf der ersten Oberflache des 
lagenformigen Materials in einem Verhaltnis von 8 - 20% der Gesamtflache der ersten Oberflache durchgefuhrt 
wird. 

15* Verfahren nach Anspruch 9, dadurch gekennzeichnet, daB das Vinylmonomer mit einer hydrophilen Gruppe aus 
einem Acrylsauremonomer besteht. 
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16. Verfahren nach Anspruch 9, dadurch gekennzeichnet, dafj das Pfropfcopotymerisationsverhaftnis des den hydro- 
philen Bereich des Trennelements bildenden Vinylmonomers 0,2 - 2,0 mAq/g, gemessen als durch Titration zu 
bestimmende Kaliumionenaustauschkapazitat, betragt. 

17. Sekundarbatterie nach Anspruch 1, wobei das TrenneJement (3) eine Mehrzahl von Vertiefungen auf der ersten 
Oberflache und Fitmbereiche auf sofchen Teilen der zweiten Oberflache, die den Vertiefungen auf der ersten Ober- 
flache entsprechen, aufweist, wobei die hydrophoben Bereiche auf der zweiten Oberflache aus den Filmbereichen 
bestehen und wobei die hydfophilen Bereiche auf den ersten und zweiten Oberflachen durch Pfropfcopolymeri- 
sation von Vinylmonomeren mit hydrophrlen Gruppen gebildet sind. 

Revendications 

1 . Accumulateur du type nickel -hydrogen e, comprenant : 
un boitier (1), 

une Electrode positive (2) du type d'une pate logee dans le boitier (1) et contenant de I'hydroxyde de nickel 
et un liant polymere, 

une Electrode negative (4) du type d'une pate logee dans le boitier (1 ) et contenant un alliage d'absorption 
d'hydrogene et un fiant polymere, 

un separateur (3) Iog6 dans le boitier (1) afin qu'il soit place entre les electrodes positive et negative (2, 4), et 
un electrolyte alcalin loge dans le boitier (1), 

dans lequel le separateur (3) est forme d'un materiau en feuille contenant des fibres d'une resine synthetique 
a base de polyolefine et ayant une premiere et une seconde surface opposees Tune a ('autre, 

caracterise en ce que 

la premiere surface du separateur (3) possede une partie hydrophile et une partie hydrophobe ayant un rapport 
surfacique inferieur ou egal a 10 %, y compris 0 %, par rapport a la premiere surface, la seconde surface du 
separateur a une partie hydrophile et une partie hydrophobe ayant un rapport surfacique de 2 a 25 % t par 
rapport a t'etendue de (a seconde surface, et le rapport surfacique de (a partie hydrophobe de la seconde 
surface est superieur a celui de la premiere surface, et 

le separateur (3) est place entre ('electrode positive (2) et I'electrode negative (4) afin que la seconde surface 
du separateur (3) soil toumee vers i'electrode negative (4). 

2. Accumulateur selon la revendication 1, caracterise en ce que Palliage d'absorption d'hydrogene est represents 
par la formule LmNixMriyA^ Lm representant du mischmetal riche en lanthane, A representant au moins un element 
choisi parmi Al et Co, et x, y et z sont des nombres correspondent a la relation 4,8 < x + y + z < 5,4. 

3. Accumulateur selon la revendication 1 , caracterise en ce que les fibres de resine synthettque a base de polyolefine 
sont des fibres de polyethylene et/ou des fibres de polypropylene. 

4. Accumulateur selon la revendication 1 , caracterise en ce que les fibres de resine synthetique a base de polyolefine 
sont des fibres composites du type a ame et gaine comprenant un materiau d'Sme constitu6 de fibres de polyolefine 
recouvertes d'un materiau de gaine constitue d'un autre type de polyolefine. 

5. Accumulateur selon la revendication 1 , caracterise en ce que la partie hydrophile du separateur est constitute par 
copolymerisation par greffage d'un monomere vinylique ayant un groupe hydrophile. 

6. Accumulateur selon la revendication 5, caracterise en ce que le rapport de copolymerisation par greffage du mo- 
nomere vinylique constituant la partie hydrophile du separateur est compris entre 0,2 et 2,0 meq/g mesure par la 
capacite d'echange d'ions potassium determinee partitrage. 

7. Accumulateur selon ia revendication 5, caracterise en ce que le monomere vinylique ayant un groupe hydrophile 
est un monomere cTacide acrylique. 

8. Accumulateur selon la revendication 1 , caracterise en ce que le rapport surfacique de la partie hydrophobe de la 
seconde surface est compris entre 8 et 20 % de retendue totale de la seconde surface. 
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9. Precede" de fabrication d'un accumutateur du type nickel-hydrogene comprenant un bottler (1 ), une Electrode po- 
sitive (2) du type d'une pate placee dans le boitier (1) et contenant de I'hydroxyde de nickel et un liant polymere, 
une electrode negative (4) du type d'une pate logee dans le boitier (1 ) et contenant un a II tag e d'absorption d'hy- 
drogene et un liant polymere, un separateur (3) loge dans le boitier (1) de maniere qu'il soit compris entre les 
electrodes positive et negative (2, 4), et un electrolyte alcalin loge dans le boitier (1), dans lequel le sEparateur 
(3) est forme par les etapes suivantes : 

le gauf rage d'une premiere surface d'un materiau en f euille contenant des fibres de resine de synthese a base 
de polyolEfine avec formation de cette manure d'une partie de film gaufree, le trempage-du materiau en ieuille 
dans une solution contenant un monomere vinylique ayant un groupe hydrops ile pour la fixation de la solution 
a la premiere surface et a une seconde surface opposEe a la premiere surface, sauf a la partie de film gaufree, 
et rirradiation du materiau en feuille par un fatsceau d'energie de maniere que le monomere vinylique fixe au 
• materiau en feuille soit polymerise par greffage, 

le separateur (3) etant dispose entre les Electrodes positive et negative (2, 4) afm que la seconde surface soit 
toumee vers P Electrode negative (4). 

10. ProcEdE selon la revendication 9, caractErise en ce que le materiau en feuille est un non-tisse formE de polypro- 
pylene. 

11. ProcEdE selon la revendication 9, caractErise en ce que I'alliage d'absorption d'hydrogene est represents par ia 
formule LmNi x Mn y A z , Lm representant du mischmEtal riche en lanthane, A reprEsentant au moins un element 
choisi parmi Al et Co, et x, y et z sont des nombres qui correspondent a ('equation 4,8 < x + y + z < 5,4. 

12. Precede selon la revendication 9, caracterise en ce que les fibres de resine synthetique a base de pofyolefine sont 
des fibres de polyethylene et/ou des fibres de polypropylene. 

13. ProcEdE seion la revendication 9, caracterise en ce que les fibres de rEsine synthetique a base de polyolEfine sont 
des fibres composites du type a ame et gaine contenant un materiau d'ame constitue de fibres de polyolEfine 
recouvertes d'un materiau de gaine constitue" d'un autre type de pofyolefine. 

14. ProcEdE selon la revendication 9, caracterise en ce que I'operation de gaufrage est realisee a la premiere surface 
du materiau en feuille avec un rapport de 8 a 20 % de I'Etendue totale de la premiere surface. 

15. ProcEdE selon (a revendication 9, caractErisE en ce que le monomere vinylique ayant un groupe hydrophile est 
un monomere d'acide acrylique. 

16. ProcEdE selon la revendication 9 f caracterise en ce que le rapport de copolymerisation par greffage du monomere 
vinylique constituant la partie hydrophile du separateur est compris entre 0,2 et 2,0 meq/g, mesure par la capacite 
d'echange d'ions potassium dEterminEe par titrage. 

17. Accumutateur selon la revendication 1, dans lequel le sEparateur (3) a plusieurs parties de cavite formEes a la 
premiere surface et des parties de film formEes sur les parties de la seconde surface qui correspondent aux parties 
de cavite a la premiere surface, les parties hydrophobe lormees a la seconde surface Etant constitutes de parties 
de film, et les parties hydrophiles formees sur les premiere et seconde surfaces etant formers par copolymerisation 
par greffage de monomere vinylique ayant des groupes hydrophiles. 
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